The magnetic properties and heavy metal contamination were used to test the relationship between the anthropogenic magnetic particles and heavy metals contents in samples of roadside soil and dust from service districts along G312 highways. The results show notable linear correlation between lf and SIRM. Also, low S -300mT values indicate that the ferrimagnetic minerals contribute more to SIRM, however, incomplete anti-ferromagnetic minerals account for low proportion. Low values of fd% and the ratios of ARM/SIRM, ARM/ show the existing of coarsegrained roadside soil and window sill dust. The roadside soils mainly contain single domain and multi-domain magnetic minerals, and the dusts multi-domain grain magnetic minerals.
Introduction
Highways play an important role in the transportation of productions and lives with the development of the economy. However, the roadside soil and residential area have been polluted seriously [1, 2] due to the rapid increasing flow of motor vehicles along highways [3] .The pollution sources from highways include vehicle exhaust, tire-friction fragment, machine oil from engines, and road pitch, etc. Part of the pollution materials deposit into roadside soil, and the primary heavy metal in these pollutions is Pb, including other minor metal elements such as Ni, Cd, As, Hg, Cu, Zn [4] . The accumulation of heavy metals in the roadside soil has potential damage to ecosystem and the food chain, hence threaten the health of human being [5] . Part of the pollution materials is blown by air to residential area and the air- Science and Information Application Technology (ESIAT 2011) blown fine-grained particles (PM10) carrying the heavy metals may influence the human health in case of inhaling these particles [6] .
3rd International Conference on Environmental
Environmental magnetism is a relative new science filed that has been developed for 40 years since 1970s [7] . Magnetic measurement, which is quick, simple and economical, has been used extensively in earth science and environmental science. The application of magnetic measurement to issues of heavy metal pollutions has been used for different samples such as roadside tree leaves [8] , atmospheric particulates [9] , soil [10] , marine sediments [11] , and river sediments [12] .
In this study, the typical human effect particles were investigated, and the magnetic properties and heavy metal contaminations were used to study the relationships between the anthropogenic magnetic particles and heavy metals. This research develops a very useful tool to monitor heavy metal pollutions along highways.
Material and methods
G312 is one of the main highways in China, 4976 km in length, serving eight provinces from Shanghai, through Jiangxu, Anhui, He'nan, Hubei, Shaanxi, Gansu and Ningxia, to Yining, Xinjiang. Along the highways, 22 service areas that are located in Anhui, He'nan, Shaanxi, Gansu and Xinjiang were selected for sampling of surficial roadside soils and dusts (Fig.1) . We collect soil samples within 0 to 5 m from road shoulder and take the mixture of surface soil of 2 m2 sampling area in depth of 2 cm. 9 dust samples are collected from residence districts away from the highways in 50 to 100 m, and the height of the sampling above the ground is in the range of 30 to 150 cm . Fig.1 Location of the sampling point Magnetic measurements are conducted at the State Key Laboratory of Estuarine and Coastal Research of East China Normal University. Both low frequency (0.47 kHz) and high frequency (4.7 kHz) magnetic susceptibilities ( lf and hf respectively) were measured by Bartington MS-2 magnetic susceptibilities instrument. Anhysteretic remanent magnetization (ARM) and isothermal remanet magnetization (IRM) were measured on a molspin minispin magnetometer.
Heavy metal contents in roadside surface soils and dusts were measured at the geography department of East China Normal University, using Shi-madzu XRF-1800X and ICP-OES Varian 710-ES respectively. Detection limit and relative standard deviation of ICP-OES is 10ug/l and 1.5% respectively. The recovery rates were controlled in range of 80% to 120% for the GSD-9 as standard.
Results and Discussion

Magnetic properties of soil and dust
The mass magnetic susceptibilities and frequency dependent susceptibilities ( fd =[ lf-hf]/ lf 100), saturation isothermal remanet magnetization (SIRM=IRM1000mT), anhysteretic remanent magnetization ( ARM) and ratios of ARM/ , ARM/SIRM, SIRM/ , demagnetization parameter (S-300mT= IRM-300mT/SIRM) are calculated.
Magnetic susceptibility is thought to reflect the contents of magnetic minerals in sediments [13] . The parameters , SIRM, and ARM are mainly related to the contents of magnetic minerals. The parameters fd, ARM/ , ARM/SIRM mainly indicate crystalline grain size and types of magnetic minerals [14] . lf generally indicates the contents of ferrimagnetic and incompleted anti -ferromagnetism minerals, and SIRM always indicates the contents of ferrimagnetic minerals [14] .
The correlation coefficient (R2) of lf and SIRM of roadside soil and dust are 0.9857 and 0.9172 respectively. The magnetic minerals in samples are mainly ferrimagnetic minerals, which can be indicated by SIRM. lf and SIRM va lues of soil samples GL-6, GL-14, GL-20, GL-23 and dust samples GL-2, GL-12, GL-18 are relatively higher, which imply higher contents of ferrimagnetic minerals.
S-300mT can be explained as the relative proportion of incomplete anti-ferromagnetism minerals (hematite, goethite) and ferrimagnetic minerals. The value decreases with the increases of incomplete anti-ferromagnetism minerals proportion [14] . The S-300mT values of soil and dust are -85.73% to -99.58%, -85.84% to -98.4%, respectively, which mean that ferrimagnetic minerals contribute more to SIRM than incomplete anti-ferromagnetism minerals.
ARM/ is sensitive to the crystalline grain size of ferrimagnetic minerals. Higher ARM/ values reflect more stable single domain (SD) grains and lower values reflect more multi-domain (MD) or super-paramagnetic (SP) grains. The mean of ARM/SIRM ratios is the same as ARM/ , but in case of its not being influenced by SP grains, the lower ratio values indicate more coarse MD grains [15, 16] . [17] .
fd can indicate fine glutinosity SP grain (about 0.03 m) close to dividing line of SP and SD grains [11] . fd% of roadside soils are in the range of 0 to 15.58%, and its average value is 3.44%.
fd% of windowsill dusts are in range of 0 to 12.5%, and its average value is 1.96%. Low frequencydependent susceptibilities observed in the windowsill dusts indicate coarse multi-domain (MD) ferrimagnetic grains to be the dominant contributor of magnetic susceptibility. Fig. 2 shows the variation of heavy metal contents and SIRM in roadside soils and dusts along the G312 highways. We find that the heavy metal contents such as Pb, Zn and Cu exhibit undulating alteration through the sampling areas, indicating the contrast of the heavy metal pollution along the highways. It also shows that positive correlations exist among the Pb, Zn, Cu contents which imply these heavy metal elements originate from the same source or they have similar geochemical behaviors. Fig.2 Variety curves of heavy metal contents and SIRM of roadside soil and dust along G312 highways The lf and SIRM values follows the similar patterns as observed in the variations of heavy metal contents among different sampling sites. Lu Sheng-Gao et al. [18] suggested that heavy metals were associated with ferrimagnetic particles in soils, which were attributed to input of traffic emissions and industrial activities. The Cu and Zn concentrations of the soils had significant linear correlations with magnetic susceptibility, anhysteretic remanent magnetization (ARM), and saturation isothermal remanent magnetization (SIRM). That the variations of lf and SIRM values are well relevant to heavy metal contents implies heavy metals are absorbed by coarse multi-domain ferrimagnetic mineral grains.
Diagnosis of heavy metal pollution
Zhang weiguo [16] studied the coastal sediments on the southern bank of the Changjiang River estuary, and suggested that down-core profiles of magnetic parameters ARM, fd%, ARM/ , ARM/SIRM, which are sensitive to fine-grained ferrimagnetic minerals, showed similar variations with heavy metals Cu, Zn, Pb and Cr. This similarity is possibly due to the absorption of heavy metals by ferrimagnetic minerals.
In this study, the variations of lf, SIRM are similar to heavy metal contents, but ARM has no notable linear correlation with heavy metal contents. This proves that there are little SD grains in the samples, but exist multi-domain grains associated with absorbed heavy metals. Hu xuefeng [10] suggested that the grain size of magnetic minerals in the urban topsoils is significantly coarser than that in the background and the agricultural topsoils. It is also suggested that the extra magnetic minerals accumulated in the urban topsoils are neither inherited from their soil parent materials nor from pedogenic processed, but originate from anthropogenic activities.
The roadside surface soil and windowsill dust along G312 highways are influenced by anthropogenic activities (mainly vehicle activities), and they control the types and grain-size of magnetic minerals. The ferrimagnetic minerals from vehicle activities are mainly multi-domain (MD) and pseudo single domain (PSD) grains [19] , and the heavy metals Pb, Zn, Cu absorbed by coarse-grained ferrimagnetic minerals are the main pollution materials of roadside soil and dust.
Conclusions
(1) The notable linear correlation between lf and SIRM and low S-300mT values indicates that the ferrimagnetic minerals contribute more to SIRM. However, incomplete anti-ferromagnetic minerals account for low proportion of the sample.
(2) Low values of fd% and low ratios of ARM/SIRM, ARM/ show coarse -grained roadside soil and window sill dusts existing. The roadside soils mainly contain single domain and multi-domain magnetic minerals, and dusts mainly contain multi-domain grain magnetic minerals.
(3) lf and SIRM, which are sensitive to ferrimagnetic minerals, s how similar variations with heavy metals Pb, Zn, Cu. Therefor, coarse-grained (multi-domain) ferrimagnetic minerals, which absorbed heavy metals, are the main pollutions in roadside soil and dust along the G312 highways. These results imply that it is a rapid and effective method to use magnetic techniques to monitor soil and dust contaminations along highways.
